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1. 


INTRODUCTION 


While  the  components  in  today's  electronic  missile  fuzes  are 
generally  rugged,  they  depend  on  a packaging  structure  for  most  of  their 
support.  This  structure  must  hold  up  under  the  missile  flight  loads  and 
not  substantially  amplify  them  at  component  mounting  points.  Since  the 
components  may  be  sensitive  to  excessive  motion,  or  to  oscillation  at  a 
particular  frequency,  the  designer  of  an  electronic  assembly  should  seek 
to  isolate  or  minimize  the  effects  of  the  harshest  environments. 

This  report  describes  the  structural  analysis  of  a missile  fuze 
electronic  package.  The  package  under  study,  the  XM818  Fuze  Electronic 
Assembly  (EA)  for  application  in  the  Patriot  missile,  was  designed  from 
layouts  based  on  experience  from  similar  missile  fuze  programs.  The 
structural  analysis  described  in  this  report  was  conducted  afterward  to 
validate  the  adequacy  of  the  design  in  terms  of  maximum  stress  and  lowest 
resonant  frequencies.  Although  there  were  no  specific  requirements,  it 
was  desired  that  the  safety  factors  be  larger  than  1.25  (a  typical  figure 
for  unmanned  missiles) , and  that  resonant  frequencies  be  higher  than 
500  Hz  (the  top  of  the  transportation  vibration  spectrum) . On  the  other 
hand,  a large  safety  factor  should  not  be  construed  as  an  overdesign. 
For  the  most  part,  the  castings  were  made  at  the  minimum  castable 
thickness . 

The  XM818  EA  is  a complex  electronic  unit  of  modular  subassemblies 
in  a sealed  can  (fig.  1)  that  is  attached  to  the  missile  on  four 
triangular  mounting  flanges.  Three  major  subassemblies,  the  receiver, 
converter,  and  processor,  are  affixed  to  threaded  bosses  cast  in  the  can. 
Each  subassembly  consists  of  a housing,  circuit  boards,  filters,  and 
other  electronic  components.  Most  of  the  filters  and  components,  and 
some  of  the  circuit  boards  are  attached  to  the  subassembly  structures  by 
screws.  The  remaining  boards  are  held  in  place  by  Birtcher  tracks. 

The  computations  were  done  with  the  NASTRAN  structural  analysis 
computer  code.1  This  powerful  tool  is  able  to  handle  fairly  complicated 
analyses  that  would  otherwise  be  impossible.  An  analysis  for  the  XM818 
EA  was  considered  to  be  of  this  type. 

The  complexity  of  the  geometry  and  mountings  in  the  EA  would  have 
made  a straightforward  NASTRAN  analysis  overly  difficult  and  expensive. 
The  fuze  housing,  for  example,  is  a complex  casting  and  would  be 
time-consuming  to  model  and  unwieldy  to  program.  Fortunately,  it  was 
possible  to  analyze  the  EA  in  individual  reasonably  sized  substructures, 
and  still  obtain  important  information. 


'C.  W.  McCormick,  ed. , The  NASTRAN  User's  Manual,  NASA  SP-222  (October 
1969)  . 


FUZE  HOUSING 


Figure  1.  XM818  fuze  electronic  assembly,  exploded  view 


The  two  loading  cases  investigated  were  based  on  measurements  and 
estimates  of  the  missile  flight  environment. 2 These  loadings  were 


b.  transportation  and  flight  vibration  at  frequencies  from  50  to 
3000  Hz.  Only  the  lowest  mode  shapes  and  resonant  frequencies  were 
computed.  Stresses  and  displacements  in  vibration  were  not  computed. 
These  depend  entirely  on  the  damping  of  the  structural  material  and  any 
encapsulation  used.  However,  the  only  accurate  source  for  this 
information  is  experimental  data.  Such  an  effort  was  outside  the  scope 
of  this  analysis. 


* Environmental  Design/Margin  Test  Plan  for  XM818 
Electronic  Assembly,  Code  Ident  19202,  Part  No.  11710921, 
Laboratories  No.  610-73-03  (October  1973) . 


Fuze  Type  C 
Harry  Diamond 


2. 


APPROACH 


The  initial  step  in  performing  a NASTRAN  analysis  is  to  model  the 
structure  as  a finite  mesh  of  simple  geometric  elements.  The  four 
housings  of  interest  (fuze  housing  flanges,  receiver,  converter,  and 
processor)  were  modeled  by  quadrilateral  and  triangular  plate  elements, 
and  bar  elements.  The  resultant  network  of  elements  evolved  from  an 
iterative  process  prescribed  by  the  following  guidelines: 

a.  The  elements  must  conform  to  NASTRAN  programming  rules.1 * 

b.  The  combined  mesh  must  nearly  resemble  the  geometry  of  the 
structure. 

c.  Smaller  elements  are  desirable  in  the  regions  of  large  stress 
gradients  to  insure  sufficient  overall  accuracy. 

d.  Smaller  elements  are  also  desirable  in  regions  of  highest 
stress  to  pinpoint  the  location  and  magnitude  of  the  maximum  stress. 

Other  inputs  to  the  program  were  properties  of  the  structural 
material.  The  required  parameters  and  their  values  for  A356  aluminum, 
the  alloy  from  which  all  of  the  housings  were  cast,  are  listed  below. 


Properties  of  A356  aluminum  (Permanent  cast,  T6  condition)3'4 * 

Specific  gravity  = 2.68 

Modulus  of  elasticity  = 10.5  (10&)  psi 

Modulus  of  rigidity  = 3.95  (106)  psi 

Poisson's  ratio  =0.33 

Shear  strength  = 30,000  psi 

Tensile  strength  = 38,000  psi 

Tensile  yield  = 27,000  psi 


1 C . W.  McCormick,  ed . , The  NASTRAN  User's  Manual,  NASA  SP-222  (October 

1969)  . 

3 T.  Lyman  et  al , ed. , Metals  Handbook,  Vol . I,  American  Society  for 
Metals,  8th  ed.  (1967). 

4 Alcoa  Aluminum  Handbook,  Aluminum  Company  of  America,  Pittsburgh , PA 

(1962)  . 
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Compressible  yield  = 27,000  psi 


i 


j 


! 


Tensile  strength  at  212°F  = 30,000  psi 

Tensile  yield  at  212°F  = 25,000  psi 

3.  DISCUSSION  OF  INDIVIDUAL  STRUCTURES 

Once  the  finite  element  models  had  been  established,  the  boundary 
conditions  were  specified.  Selection  was  limited  to  clamped, 
spring-loaded,  or  free  degrees  of  freedom  in  six  directions  at  each 
point.  A discussion  of  these  and  other  details  in  the  analysis  of  each 
structure  follows. 

3 . 1 Fuze  Mounting  Flanges  (fig.  2) 

The  four  triangular  flanges  suspend  the  15  lb  EA  from  a 
mounting  ring  in  the  missile  structure.  Since  the  wide  flanges  are 
relatively  stiff  in  the  radial  direction,  the  only  significant  loading 
direction  is  along  the  missile  axis  (normal  to  the  flanges) . The  missile 
axis  direction  applies  to  this  structure  only;  the  other  two  loading 
directions  were  not  analyzed.  The  EA  housing  and  its  contents  were 
treated  as ^a  rigid  mass  that  translates  along  the  missile  axis.  The  four 
flanges  that  restrain  this  motion  are  two  sizes — one  pair  slightly 
longer  and  wider  than  the  other.  This  difference  was  ignored,  and  all 
four  flanges  were  assumed  to  be  identically  large  and  supporting 
one-fourth  of  the  EA  mass  (uniformly  distributed  along  the  interfacing 
edge) . 


The  flanges  contact  the  missile  mounting  ring  on  circular 
bosses — reinforced  pads  at  the  end  of  each  flange.  Because  of  the  extra 
thickness  and  support  of  these  bosses,  their  circumference  was  modeled  as 
a clamped  (built-in)  boundary  (fig.  3) . 


f 

u 

; 1 


Fiqure  2.  XM818  electronic  assembly  installed  in  Patriot  missile. 


Figure  3.  Mounting  flange  finite  element  model. 


3.2  Receiver  Housing 


The  receiver  housing  was  modeled  by  289  triangular  and 
quadrilateral  plates  and  50  beam  elements  (fig.  5) . The  structural 
contribution  of  all  circuit  boards  was  ignored.  The  following  boundary 
conditions,  illustrated  by  figure  6a  and  b,  were  imposed  on  the  model: 

a.  a clamped  point  at  each  of  eight  locations  where  screws 
fasten  the  receiver  housing  to  the  fuze  housing,  labeled  A in  the  figure. 

b.  the  clamped  perimeter  of  a reinforced  plate  that  directly 
contacts  the  fuze  housing,  labeled  B.2. 


c.  geometric  constraints  corresponding  to  the  attachment 
points  of  other  relatively  rigid  electronic  components,  labeled  B.l  and 
B.3. 


PRINCIPAL  -,IRl  ,S 
X AND  i LOADING 


/SHEAR  STRESS 
| X LOADING 


A SCREW  LOCATIONS 
B-RIGID  ATTACHMENTS 


LOCATION  OF  MAXIMUM 
PRINCIPAL  STRESS 
FOR  Z LOADING 


Figure  6.  Receiver  housing  boundary  conditions;  maximum  stress 
locations;  (a)  top,  (b)  side. 


This  housing  was  modeled  by  29  thin  plate  elements  having 
five  degrees  of  freedom  at  each  connection  (fig.  8) . Several 
simplifications  of  the  housing  geometry  were  made  in  order  to  alleviate 
the  programming  of  some  complex  features.  The  exclusion  of  these 
dif ficult-to-program  features  is  believed  to  have  had  only  a secondary 
effect  on  the  results.  These  simplifications  are  itemized  in  the 
following  list,  which  refers  to  items  in  figure  9: 


Figure  7.  Converter  housing. 


MAXIMUM  PRINCIPAL.  STRESS  | 
V AND  X LOADING  I 


MAXIMUM  SHEAR  STRESS 
V AND  Z LOADING 


MAXIMUM 

PRINCIPAl.  stress 
SHEAR  STRESS 
X LOADING 


Figure  8.  Converter  housing  Unite  element  model;  maximum 
stress  locations. 


a.  The  recession  of  plate  W and  the  filter  components  that 
mount  on  it  were  ignored.  Instead,  plate  W was  assumed  to  be  of  constant 
thickness  with  a continuous  midplane. 


b.  Plate  Y was  assumed  to  be  so  stiff  in  relation  to  the  rest 
of  the  structure  that  it  could  be  approximated  as  a rigid  body.  In  other 
words,  no  relative  displacement  was  allowed  among  points  attached  to  it. 


c.  Once  again,  the  contribution  of  the  circuit  boards  was 
ignored.  Although  the  circuit  boards  undoubtedly  contributed 
significantly  to  the  stiffness  of  the  housing,  excluding  them  cut  the 
problem  size  in  half.  However,  the  simplified  analysis  became  that  much 
more  conservative. 


The  seven  mounting  screws  located  on  the  periphery  of  plate  X 
(points  A,  fig.  9)  provide  the  only  constrained  boundary  conditions  for 
the  structure.  Each  of  these  points  was  assumed  to  be  clamped. 

3.4  Processor  Housing  (fig.  10) 

During  examination  of  the  processor  housing,  it  was  decided  to 
take  advantage  of  the  symmetry  and  a near-symmetry  that  exists  so  as  to 
reduce  the  size  of  the  model,  and  thereby  simplify  the  analysis.  The 
processor  housing  consists  of  five  cells,  four  that  are  the  same  size  and 
the  fifth  slightly  smaller.  Additional  stiffness  is  provided  by  two 
"straps"  that  span  all  five  cells.  The  housing  is  affixed  by  screws  at 
each  of  four  comers,  with  an  extra  screw  at  the  center  of  one  side. 
Plane  A (fig.  11),  perpendicular  to  and  a bisector  of  each  cell,  is  the 
only  plane  of  symmetry.  The  midplane  of  the  center  cell,  B,  is  almost 
another  plane  of  symmetry,  except  that 

a.  The  odd-sized  cell  is  on  only  one  side. 

b.  The  extra  screw  location  is  on  the  opposite  side. 


These  anomalies  were  disregarded,  and  a finite-element  model  was  derived 
by  assuming  both  planes  of  symmetry  (fig.  12).  It  was  reasoned  that  the 
error  induced  by  this  idealization  would  have  the  effect  of  increasing 
the  computed  stresses,  and  thus  would  give  a conservative  estimate  of 
them.  The  size  of  the  finite-element  model  was  thereby  reduced  to  a 
minimum,  conserving  programming  and  computing  time. 


1 


The  output  of  the  NASTRAN  programs  consisted  of  normal  and  shear 
stress  distributions,  and  vibration  mode  shapes  with  their  corresponding 
frequencies.  The  normal  and  shear  stresses  were  compared  to  the  yield 
strength  of  A356  aluminum  to  arrive  at  factors  of  safety.  The  first  few 
vibration  modes  of  each  structure  were  plotted  to  determine  potentially 
troublesome  mounting  locations.  A summary  appears  in  table  I. 


TABLE  I.  LOWEST  RESONANT  FREQUENCIES,  XM8 1 8 FUZE  MOUNTING  FLANGES  AND 
SUBSTRUCTURES 


F 

S t ructure 

requency  range 
searched 
(Hz) 

Mode  No. 

Shape  i 1 1 ustrated 

F requency 
(Hz) 

Flanges  (fuze) 

0-3000 

i 

fig.  1 ^4 

1 1 37 

Rece i ver 

0-1000 

1 

fig.  1 5<a 

250 

2 

fig.  15b 

A 30 

3 

Not  s hown 

706 

it 

Not  s hown 

969 

Converter 

0-875 

1 

fig.  1 6a 

565 

2 

fig.  1 6b 

7^0 

3 

fig.  1 6c 

87*4 

P rocessor 

0- A 3 5 

1 

fig.  17 

1(314 

(three  others 

? 

Not  shown 

531 

found , nos . 

? 

Not  shown 

771* 

unknown ) 

? 

Not  shown 

1250 

4 . 1 Fuze  Mounting  Flanges 


The  maximum  normal  stress  distribution  is  shown  in  figure  13 
for  the  static  loading  case.  A large  percentage  of  the  flange  area  has  a 
maximum  normal  stress  of  under  4 kpsi.  The  highest  stress  for  both 
loadings  occurs  in  a small  region  at  the  boss  circumference.  Table  II 
summarizes  the  maximum  values  of  normal  and  shear  stress. 


Figure  14  shows  the  fundamental  resonance  of  the  flange 
mounting,  in  a mode  that  occurs  at  1137  Hz. 
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/ VALUES  are  for 
/ TENSION  (TOP  FACE)  A 
COMPRESSION  (BOTTOM  FACE) 


MAX  STRESSES 
ARE  HERE 


Figure  13.  Topographical  plot  of  maximum  normal  stress 
mounting  flanges. 


SUMMARY  OF  MAXIMUM  STRESSES 
IN  FUZE  MOUNTING  FLANGE  (NORMAL 
LOAD  ONLY) --50  g STATIC  LOADING 


TABLE  I I 


Maximum  principal  stress 
Safety  factor  (70°F) 
Safety  factor  (21 2 0 F ) 


* Re lative  to  yi el  d str 
temperatures . 


Figure  14.  Mounting  flanges:  mode  shape  at  lowest  resonant 

frequency  (1137  Hz) . 


4.2  Receiver  Housin' 


Preliminary  results  of  the  static  case  indicated  that  highest 
stresses  occur  in  the  base  plate  near  attachment  B.l  and  in  the  wall  of 
the  cell  supporting  attachment  B.3  (fig.  6).  The  finite-element  model 
was  revised  by  modeling  these  initial  areas  with  a much  finer  network  of 
plate  elements.  This  revision  assured  convergence  to  the  maximum  values 
of  stress  (table  III) . 


The  four  lowest  resonance  modes  of  the  receiver  housing,  two  of 
which  are  shown  in  figure  15a  and  b,  all  involve  oscillation  of  the 
same  wall.  This  vibration  sensitivity  is  due  to  a heavy  electronic 
package  that  is  suspended  from  supports  attached  to  this  wall. 


TABLE  I I I 


SUMMARY  OF  MAXIMUM  STRESSES  IN  RECEIVER  HOUS I NG-- 50-g  STATIC 
LOADING 


Load i ng  para  I 1 e 1 to 


'Relative  to  yield  strength  at  these  tempera  tures 


Receiver  housing:  mode  shapes  at  lowest  resonant 

frequencies:  (a)  250  Hz,  (b)  430  Hz. 


4.3 


Converter  Housing 


The  analysis  of  the  static  and  vibration  modes  proceeded  as 
described  for  the  receiver  housing.  The  vibration  analysis  found  no 
resonances  of  the  housing  below  1000  Hz.  The  locations  of  maximum  stress 
are  shown  in  figure  8.  The  stress  magnitudes  and  safety  factors  appear 
in  table  IV.  The  converter  was  reanalyzed  with  its  three  side-mounted 
circuit  boards  in  place.  It  was  decided  to  take  advantage  of  a special 
opportunity  afforded  by  the  nature  of  the  circuit  board  mounts.  Because 
these  boards  are  attached  by  screws  (rather  than  the  Birtcher  rails  of 
other  boards  throughout  the  EA) , the  boundary  conditions  could  be 
accurately  modeled.  Each  screw  attachment  point  was  assigned  zero 
degrees  of  freedom  (i.e.,  clamped). 

TABLE  IV.  SUMMARY  OF  MAXIMUM  STRESSES  IN  CONVERTER  HOUS I NG--50-g  STATIC 
LOADING 


Load i ng  para  1 1 e 1 to 
x ax i s y axi s z ax i s 

Maximum  principal  stress  (psi) 

'*.769 

2M 

1,213 

Safety  factor*  ( 70* F ) 

5.66 

1 12 

22.3 

Safety  factor  ( 2 1 2 ° F ) 

5.2  k 

I0li 

20.6 

Maximum  shear  stress  (psi) 

1 ,775 

139 

698 

Safety  factor  (70"F) 

16.9 

216 

A3 

*Relat ive  to  yield  strength  at  these  temperatures . 


The  mass  density  of  the  circuit  boards  was  assumed  uniformly 
distributed.  For  this  reason,  the  resulting  mode  shapes  (fig.  16)  and 
frequencies  (table  I)  must  be  assumed  approximate. 
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4 . 4 Processor  Housin' 


The  processor  housing  was  also  treated  with  the  same  methods  as 
the  receiver  housing.  Values  of  maximum  stress  are  tabulated  in  table  V, 
with  locations  as  shown  in  figure  12.  Figure  17  illustrates  the  lowest 
vibration  mode. 


TABLE  V.  SUMMARY  OF  MAXIMUM  STRESSES  IN  PROCESSOR  HOUS I NG--50-9  STATIC 
LOADING 


Load 
x axi  s 

i ng  paral le 1 
y ax i s z 

to 

axis 

Maximum  principal  stress  (psi) 

1 3,304 

1 .013 

1 14 

Safety  factor'-  ( 70 0 F ) 

2.03 

26.7 

237 

Safety  factor  (21 2 ° F ) 

1 .88 

24.7 

219 

Maximum  shear  stress  (psi) 

it, 647 

550 

63 

Safety  factor  (70°F) 

6.46 

54.5 

476 

•Relative  to  yield  strength  at  thes e temperatures . 


Figure  17.  Processor  housing:  mode  shape  at  lowest  resonant 
frequency  (434  Hz) . 
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At  a modest  level  of  effort  and  cost,  this  NASTRAN  analysis  yielded 
significant  information  about  a missile  fuze  electronic  package 
structure:  the  weakest  areas  of  the  major  subassemblies  have  been 
pinpointed;  the  fundamental  vibration  modes  have  been  found;  and  the 
safety  factors  for  static  loading  have  been  found  to  be  comfortably 
large.  All  this  was  accomplished  in  a relatively  short  time  by  the  use 
of  some  time-saving  assumptions. 

However,  the  major  assumptions  imposed  several  limitations:  (1)  the 
stress  and  displacement  levels  could  not  have  been  computed  for  vibration 
and  transient  loads  without  adding  a significant  increase  in  complexity, 
(2)  the  interdependence  of  the  substructures  and  their  mountings  in  a 
dynamic  loading  greatly  escalates  programming  and  computing  time,  and  (3) 
the  inclusion  of  circuit  boards  and  other  electronic  components,  because 
of  their  physical  complexity,  would  compound  the  problem. 
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